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Abstract

The purpose of the study was to determine whether or not

fluctuations in spatial ability as measured by Vandenberg's

Mental Rotations Test occur during the menstrual cycles of

college females. Participants were 28 male and 133 female

students recruited from 9 undergraduate educational psychology

and nursing classes. Of the 133 female students, scores from 55

females fell into the relevant menstrual phases during 3 repeated

testings held approximately 7 days apart. A mixed ANOVA procedure

utilizing Keppel's method for removal of practice effects

indicated that female performance on the spatial test was

significantly higher (p < .001, eta sqd. = .182) during the

menstrual phase (Days 2-7) than during the luteal phase (Days 16-

28). The performance of contraceptive pill users was not

significantly different from the performance of nonusers. These

findings confirm the findings of Silverman and Phillips (1993) in

an area in which previous results have been inconsistent. The 28

males performed significantly higher (p < .01) than the 55

females during the initial testing. However, males scores

obtained during this initial testing were not significantly

different from scores obtained from contraceptive pill users in

the menstrual phase but were significantly higher (p < .005) than

scores obtained from pill users in the luteal phase.
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FLUCTUATION IN SPATIAL ABILITY

SCORES DURING THE MENSTRUAL CYCLE

As the number of occupations in technical and scientific

fields has increased, tests of spatial ability have become

increasingly important for prediction of success (Eliot & Smith,

1983, P. 8). "The U.S. Employment Service -stimates that the most

technical and scientific occupations, such as draftsman, airplane

designer, architect, chemist, engineer, physicist, and

mathematician, require persons having spacial ability at or above

the 90th percentile" (Clements & Battista, 1992, p. 442).

However, researchers have found that males tend to perform

significantly better than females on many tests of spatial

ability to the extent that the effect size for this difference is

often large enough to influence selection rates for certain

occupations or training prcyjrams (Johnson & Meade, 1987, p. 738).

Interestingly, the gender difference in spatial ability has not

been found to be in full force until puberty, raising the

possibility that hormones may be, at least in part, responsible

for this difference (Hampson & Kimura, 1992, p. 361). Using as

variables the hormonal changes that occur cyclically throughout

the menstrual cycle, recent studies indicate that performance on

sexually dimorphic spatial tasks may vary with variations in

female hormonal levels (Kimura & Hampson, 1994).

According to Hampson and Kimura (1992), the preovulatory

phase of the menstrual cycle corresponds to the highest level of

the hormol.? estrogen. The menstrual phase corresponds to the
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lowest level of estrogen. The luteal phase occurs between

ovulation and the menstrual phase and corresponds to a medium

level of estrogen. These researchers and others (Silverman &

Phillips, 1993) have found that women perform significantly

higher on tests of spatial ability during the menstrual (i.e.,

low estrogen) phase of their menstrual cycle than during the

higher estrogen (i.e., preovulatory and luteal) phases of their

cycle. In addition, researchers have reported that the

differences in performance on spatial tests between women at the

menstrual phase and women at the midluteal phase are of similar

magnitude as the reported gender differences in performance on

spatial tests (Hampson, 1990, p. 31; Hampson & Kimura, 1992, p.

398).

Such findings may, however, be held suspect by readers

familiar with the long history of menstrual cycle research in

which the possibility of cyclic variations in general cognitive

performance has been examined. Due to researchers' use of varying

and often poor methodology, reviews of the literature in this

area (Asso, 1987; Chiarello, McMahon, & Schaeffer, 1989; Dan,

1979; Hampson, 1990; Hampson & Kimura, 1992; Kimura & Hampson,

1994; Logue & Moos, 1988; Richardson, 1991; Sommer, 1973, 1982,

1983, 1992) report mixed results. As Hampson and Kimura (1992)

noted, the examples of poor methodology include: use of small

sample sizes, resulting in low statistical power; failure to

consider the changes in hormonal levels of estrogen, and thereby,

comparing between inappropriate phases of the menstrual cycle;
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and the use of tests that are not sensitive enough to detect

cognitive variations in performance.

In four separate studies with college-age participants,

Silverman and Phillips (1993) avoided ie forementioned

methodological shortcomings, and thereby obtained more consistent

results than results found in a review of the literature.

Silverman and Phillips (1993) attribute the more consistent

results mainly to the particular test used in their studies. With

the use of that test, the Mental Rotations Test, developed by

Vandenberg and Kuse (1978) based on Shepard and Metzler's (1971)

stimuli, Silverman and Phillips (1993) were the first researchers

to use a three-dimensional mental rotations task in a menstrual

cycle study. The Mental Rotations Test has been reported to be

the most difficult to solve through verbal means (Vandenberg &

Kuse, 1978) and, perhaps causally, this test and other three-

dimensional rotations tests yield the largest (Linn & Peterson,

1985) and most reliable (Masters & Sanders, 1993; Peters, Laeng,

Lathen, Jackson, Zaiyouna, & Richardson, 1995) gender differences

ot all spatial tests.

Silverman and Phillip's (1993) first study revealed tnat

contraceptive pill users performed significantly better during

the menstrual phase than during the luteal phase. Moreover, the

performance of pill users in the menstrual phase was equivalent

to the performance of males. In a second study, a combination of

pill users and nonusers in the menstrual phase also performed

-;ignitIcantly higher during the menstrual phase than the luteal

f;
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phase. This second study was the only one of the four studies to

assess data according to a within-subjects design. For purposes

of the study, the menstrual phase was defined as Days 2-7 of the

menstrual cycle and the luteal phase as Days 16-23. No subjects

were tested during the first day of menstruation due to the

possible obtrusive effects of physical discomfort and pain

medication.

There was a similar menstrual phase effect for a third

study. However, for this third study and a fourth one, in order

to enhance sample sizes, "the condition representing higher

estrogen levels comprised all nonmenstruating subjects rather

than just those in the luteal or pre-ovulatory phases" (Silverman

& Phillips, 1993, p. 264). In addition, for the second, third,

and fourth studies, pill users and nonusers were combined for

purposes of analysis because they showed the same trends at about

the same levels. In the fourth study, menstruating females'

scores on the Mental Rotations Test were significantly higher

than females's scores in the nonmenstruating phase but were not

equivalent to scores of males who had participated in the first

study. Interestingly, a significant difference in phase

performance was not found for a two-dimensional mental rotations

spatial test that was also given as part of this fourth study.

This result lends support to the importance of using a spatial

task with large, reliable gender differences when testing for a

menstrual phase effect in performance.
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Peters et al. (1995) have recently, in an attempt to

replicate Silverman and Phillips' (1993) third study in which

menstruating subjects were compared to all nonmenstruating

subjects, found no significant effect for phase of menstrual

cycle using a redrawn version of the Mental Rotations Test.

However, these researchers concede that because they did not

carefully determine subjects' phase of cycle, their "failure to

find significant effects cannot be considered an effective

challenge" (p.50) to the findings of Hampson and Kimura. In

addition, Peters et al. (1995) did not distinguish between

menstruating and nonmenstruating with the same days as those used

by Silverman and Phillips (1993), nor did they use a scoring

method identical to that of Silverman and Phillips (1993).

The purpose of the present study was to either confirm or

refute the findings of Silverman and Phillips' (1993) within-

subjects study. The main hypothesis was that on a test of spatial

ability, the Mental Rotations Test (Vandenberg, 1971; Vandenberg

Kuse, 1978), college females would perform statistically

significantly different during the menstrual phase than the

luteal phase of the menstrual cycle. In addition, it was

hypothesized that college females would perform statistically

significantly different than college males and that contraceptive

pill Ill;ers would perform at the same level as nonusers.

8



Fluctuation 8

Method

Participants

Participants were 28 male and 133 female college students

recruited from eight undergraduate educational psychology classes

and one undergraduate nursing class taught on the campus of a

large southeastern university. Inasmuch as the researcher in tho.

present study employed a within-subjects design, there was no

need for equivalence of conditions across subject factors.

Volunteers from two of the nine classes were offered extra credit

for participation. Of the 133 female students, scores from 55

females fell into the relevant menstrual phases during the

repeated testings.

Test Instrument

The test instrument selected for this study was the Mental

Rotations Test (Vandenberg, 1971). This test has 20 items and 40

correct responses. The 20 items each consist of a two-dimensional

computer drawing of a three-dimensional "criterion figure, two

correct alternatives, and . . . two distractors . . . Correct

alternatives are always identical to the criterion in structure

but are shown in a rotated position" (Vandenberg & Kuse, 1978, p.

509).

Prior studies with the Mental Rotations Test have shown

gender differences favoring males (Vandenberg & Kuse, 1978) and a

fluctuation in performance by adult females during the menstrual

czycle (Silverman & Phillips, 1993). In large samples, the Kuder-

RicharAson 20 internal consistency reliability has been estimated
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to be .88 and the test-retest reliability has been estimated to

be .83 (Vandenberg & Kuse, 1978).

Design and Procedure

Three testing sessions were held approximately 7 days apart

during regularly scheduled class times. The tests were

administered by either the researcher or an educational

psychology faculty member. The standard published instructions

for the Mental Rotations Test were used. In these instructions,

subjects were cautioned not to guess. The suggested but optional

method of grading was not used. Instead, a point was given for

each correct response and a point deducted for each incorrect

response. Therefore, scores could range from -40 to +40. This

method of scoring was used by Silverman and Phillips (1993) in

their previously discussed studies and by Vandenberg and Kuse

(1978) in a study of the gender differences in performance on

this test. Prior to the first testing, participants were given

the instructions (including practice problems) to take home. They

were asked to read the instructions before attending each testing

session. In addition, females were asked to complete and turn in

with each test a questionnaire similar to the one used by

.Silverman and Phillips (1993). The questionnaire questions

concerned contraceptive use and the dates of females' last and

net menstrual periods. Each participant chose a personal code

number to label each test and questionnaire turned In so that

these items could be properly matched by the researcher for the

(--mcat- measures analysis without jeopardizing confidentiality.

10
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In addition, in order to maintain confidentiality, no

demographics other than gender were collected.

During each testing session, participants were allowed 3

minutes to complete the first 10 items and an additional 3

minutes to complete the last 10. The two halves of the test were

timed separately to facilitate an estimation of the internal

consistency reliability of the test.

In the analysis of possible score fluctuations, a split plot

design using the SPSS statistical procedure MANOVA was employed

with phases as the within-subjects factor and pill use as the

between-subjects factor. For each subject, data from two of the

three testing sessicns were used. The present study defined the

menstr',Ial phase as Days 2-7 and the luteal phase as Days 16-28.

One score used was the one obtained during the menstrual phase.

The other score used was the one obtained during the luteal

phase. Practice effects were removed from the analysis using a

technique suggested by Keppel (1982). In addition to the repeated

measures analyses, independent t tests were used to test for

Qender differences in performance on the Mental Rotations Test.

An alpha level of .05 was used for all statistical tests.

Results

The result- of th..! Spearman-Brown internal consistency

analysis and the test-retest reliability analysis are shown in

Fable 1. Each reliability correlation coefficient reached

11
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Menstrual phase scores were statistically significantly

higher than luteal phase scores (p = .001, eta sqd. = .182, Power

.92). There was an indication of equivalence in scores between

contraceptive pill users and nonusers (p = .552). These results

are shown in Table 2. However, due to the significant interaction

between phase and pill use, t tests between users and nonusers

were performed in each phase and no significant differences were

found at sufficient levels of statistical power.

During the initial testing males (M = 15.96, SD = 10.42)

performed significantly higher (p < .01, eta sqd. = .160, d' =

.69) than females (M = 9.55, SD = 7.87). However, during this

initial testing, male scores were not found to be significantly

different (p = .064, Power .54) from scores obtained from females

who were in the menstrual phase (M = 10.79, SD = 6.84, N = 19).

Male scores from the initial testing were not significantly

different (p = .238) from scores obtained from pill users in the

menstrual phase but were significantly different (p < .005) from

ores obtained from pill users in the luteal phase.

Discussion

Because the present study indicated a statistically

significant fluctuation in performance across the menstrual cycle

on the Mental Rotations Test, the latest positive results by

Silverman and Phillips (1993) were confirmed. The effect sizes

for the differences between phases were notably large given that

hormonal levels were not directly assessed. Hormonal levels were

not directly assessed because the goal of the present study was

12
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to establish consistency in findings in this area and not

necessarily to attempt to confirm a theory concerning hormonal

levels. By having participants complete three questionnaires

approximately 7 days apart, actual confirmation of menstrual

phase starting dates was obtained for all but a few participants.

On a practical level, the implication of distinguishing between

phases based on the number of days a female is into her menstrual

cycle is that females can make judgements of when and when not to

take tests of spatial ability using information that is easily

accessible to her.

As was the case in past research (Hamr:son, 1990; Hampson &

Kimura, 1992), the effect sizes for gender difference (eta sqd. =

.160) and phase difference (eta sqd. = .182) were of similar

magnitude. Therefore, given the claim by Johnson and Meade (1987)

that the effect size for gender difference is large enough to

influence selection rates for certain occupations or training

programs, likewise, the effect size for the menstrual cycle phase

difference may be large enough to influence such selecticn rates.

Moreover, it appears that phase effect makes a contribution to

tLe gender difference in performance on spatial tests. The

present study failed to indicate a statistically significant

difference between male scores and scores obtained from females

who were in the menstrual phase. A lack of statistical power may

have prevented an actual between-subjects difference from being

revealed. However, because, as in Silverman and Phillip's (1993)

first study, pill users' menstrual scores were convincingly

13
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equivalent to scores of males and pill users' luteal scores were

significantly different from scores of males, it might be

reasonable to assume that a menstrual phase effect accounted at

least in some small part for the difference in gender

performance. These results might be used in partial explanation

as to why training and exposure increase mental rotation

abilities for females (Ben-Chaim, Lappan, & Houang 1988; Ferrini-

Mundy, 1987; Okagaki & Frensch, 1994) but do not totally

compersate for gender differences in performance.

The results of this study have several implications for

companies and branches of the military (Carretta, 1987, 1989;

Goldin & Thorndyke, 1981, p. 11) that use three-dimensional

mental rotation spatial tests as predictors of success. As

evidence mounts and females begin to feel legitimized in

arranging to take tests of spatial ability during menstruation,

conflicts may arise between females and employers or potential

employers who refuse to accommodata these females with flexible

testing schedules. Even graver conflicts may arise if employers

feel justified in insisting that females take tests of spatial

ability only during the luteal phase in order to obtain a measure

that is indicative of the ability of a female "at her worst". Of

course, this restriction would probably be difficult to implement

without raising issues of right to privacy and imposing the costs

of medical exams to verify the (potential) female employee's

claim as to day of cycle.

14
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This study may have social implications as well. Logue and

Moos (1988) report that women's exposure to the stereotypic

social belief that the menstrual phase is characterized by

impaired performance may be linked to increased reports of

negative symptoms and an obscuring of positive changes that occur

during the menstrual phase. The findings of significantly higher

performance of females during menstruation may help counter the

popular notion that females are strictly negatively affected

during this time of their cycles (Dan, 1979; Sommer, 1983; Walsh,

1982). Outside the area of predictive testing females should not

be made to feel disadvantaged by menstrual phase effects because

in day to day tasks, no one aspect of cognitive functioning is

used and no general decrement has been found to occur during the

menstrual cycle (Hampson & Kimura, 1992).

It was hoped that an explanation for the differences in

reliability between males and females on the Mental Rotations

Test could be proffered. However, due to significant differences

in variability between the scores of males and females (p < .05)

and the phenomenon of restriction of range, the differences in

the reliability for males and females could not necessarily be

attributed to fluctuation in females' scores during the menstrual

cycle.

It might be argued that the performance of educational

psychology and nursing students is not indicative of performance

ot students who will be applying for positions in the previously

di:Cused occupations that require higher spatial abilities
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(Peters et al., 1995). It is suggested that future research

address this concern by testing a less curriculum homogeneous

sample of students. Furthermore, because "mathematics generally

correlates with spatial visualization, [which, according to

Vandenberg and Kuse (1978), is the type of spatial ability

measured by the Mental Rotations Test], in the range of .30 to

.60" (Clements and Battista, 1992, p. 455), it follows that the

effect of menstrual phase on performance by females on

mathematics tests used as criteria in selection processes for

occupations and educational programs may warrant investigation.

It is suggested that the test chosen for such research be one

with a large, reliable gender difference in performance. For

e::ample, the reported effect size (d') for gender difference on

Educational Testing Service's 1987 GRE-Q was found to be .67

(Hyde, Fennema, & Lamon, 1990) which is very close to the effect

size of .69 obtained in the present study for the Mental

Rotations Test. One might also want to consider using the Mental

Rotations Test as a "control" when conducting future menstrual

cycle research on other tests.
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farcl

apaa,rmBrQwn Internal Consistency and Test-Retest Reliability

CDr::e2.3aas.

Seqsior.

Participants

Female Male All

Spearman-Brown

Illie1011.1111

0.58** 55 0.75** 23 0.68**** 78

0.44* 53 0.75** 21 0.58**** 74

0.79**** 54 0.75* 15 0.80**** 69
.014iIM

Test-Retest

17L1: =J Second 0.78**** 55 0.92**** 21 0.85**** 76

nci :o Third 0.71**** 51 0.78* 9 0.74**** 60

.05. **p < .01. ***p < .001. ****p < .0001
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Table 2

Taa. w en-Subjects_Effect and

Phases Within-Subjects Effect

Source

Pilluse (U)

S within-group

error

Between subjects

1

53

0.36

(133.88)

Phases (P)

P x U

P X S within-

group error

Within subjects

1

1

53

11.81***

5.87*

(21.47)

.1.11=111=1.111.

Nara_ Values enclosed in parentheses represent mean square

errors. a . subjects.

*p < .05. **p < .01. ***p .001.
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